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A »ew seri€$ or 2-aryImecbyl-l Abenzoqt^ttes (2) was synitieifzed for evaluation of thdr pharmacolc^gical 
activiti€ii. TVim compounds showed sfgnfficant inhibition of platelet aggregation induced by arichldonic field (AA) 
and some of than possessed a protective effect against cttdotl>«li&l cell injury caused by hydrogen peroxide. 
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As pan of our research on cerebral procective agents, 
we have already reported ihc synthesis and phBrmacologi- 
cal evaluation of 4-(l,4-benzoquinon-2-yl)-4*aryIbuian- 
amide (I) (SUN4757) and some analogues.** We wore 
interested in the effect of introducing an aikylcarboxylic 
acid or alkylamidc ^oup onto the benzene ring on the 
biological prop>erties of these conDpounds. This led us 
to synthesize various 2-aryImethyl-I,4-ben^oquinones 
(2) [R,«Me or McO, R„ Rj = H, (CHJ„COOR or 
(CH2)„CONR2, /J = 2, 33 and to evaluate their pharmaco- 
logical profile. All of them showed a significant decrease 
in cerebral protective activity compared to the parent 
compound (I), so we examined other biological activities 
of these novel compounds (2). They were found to be 
inhibitors of platelet aggregation induced by arachidonic 
acid (AA). It is well known that the AA metabolite 
thromboxane A2 (TXA^) is a potent Inducer of platelet 
aggregation and of vascular and pulmonary smooth 
muscle contraction.^^ It has also been implicated as an 
important mediator in a variety of diseases, such as 




3: (AA*2414) 

* To whom curre&pofidcnce should be addrcAcd. 



myocardial infarction, inflamm£tion. asthma and stroke. 
During our study, (±)-7-(3,5,6-irimclhyl-l,4-bcn20- 
quinon-2-yI)-7-phenylhcptanoic acid (3) (AA-Z4I4), which 
possesses similar functional groups in the molecule, was 
reported as a novel type of eicosanoid receptor aniag- 
onisi'-** and it was suggested that both a benzoquinonyl 
moiety and a carboxylic acid moiety, with appropriate 
distance, were essential for exhibiting a significant activity. 
We therefore became interested in investigating the 
structural requirements for antiplatelet aggregation 
activity of the compounds (2) (Fig, I). Here we report the 
synthesis and pharmacological evaluation of new 2- 
phenylmethyH,4-ben2oquinone derivatives which exhibit 
marked anti-platelet aggregation activity. 

Chemistry The synthetic procedures for the target 
compounds are summarized in Chans 1—3. The 3,5.6- 
lrimeihyl-2-phenylmethyl-I,4-benzoquinone derivative 
(2a) was prepared from the ber.zaldehyde dcrivadve (4). 
Reaction of 4 with the Orignard reagent prepared from 
2-(3-bromophenyl)-I,3-dioxolane, followed by acciylatlon 
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c. d. g Me- 
(CH2)aOAc ^ 



OMe 




(CH2)„CO0H 



n = 2 



o o 

2e(Y= -n'^NMc ) 



a: (Et0)iP0CH,CO2£t NaH b: H,. Pd, AcOH c In NaOH d: CAN o: HOR or HNRj. DMAP, DCC f: [PhiP(CHa),OH]a. NaH g: CrO„ 
H,SO* 

Chvit 2 



and acetal exchange reaciion afTorded ihe aldehyde 
derivative (5). A coupling reaction of 5 and triethyl 
phosphonoacetatc yielded the a»^-unsaturated carboxylste 
(6) (^-isomer), which was converted to 7 by reduction 
with ifiethylsilane in the presence of tnmeibylsilyl trii 
fluoromeihanesulfonatc (TMSOTQ as a caxalyst, Hydro- 
lysis of 7. followed by oxidation with cerium amrnoniuin 
niiraie (CAN)** afforded the bcnzoquinone derivative 
(2a) (Chan 1). 

Hydrogenolysis of < in acetic acid using palladiunri- 
black as a catalyst afforded 8, which was transformed to 
the ben2oquinone derivative (2b) (w = 2) by a similar 
procedure to thai described above. Compound 2b was 



transformed to the ester (2c) or amides (2d, 2c) by con* 
densation with the appropriate alcohol or amines. Wittig 
reaction of 5 and triphcnyl«3-hydroxypropylphosphonium 
chloride, followed by hydrogenolysis in acetic acid 
afforded the acetate derivative (9). Hydrolysis of 9» 
followed by oxidation with CAN and Jones* reagent 
afforded 2f (ff = 3) (Chart 2). 

The 5,6HdimethoXy-3-mcihyl-2-phcnylinethyl-l ,4.bcn- 
zoquinone derivative (2g) was prepared from salicylalde- 
hyde (10). Compound 10 was converted to 11 by a similar 
method to thai used for the synthesis of S. Coupling 
reaction of 1 1 and triethyl phosphonoacctate. followed by 
hydrogenolysis axid hydrolysis aflforded 13. The obirtined 
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a: 2-(3-bromophenyl)-U3-dioJtolane, Mg b; Ac^O, pyridine, DMAP c: /vTdOH, accloiv* d; (EtOj^POCHjCOjEl, NaH c H,. ?d, AcOH f; KOH 
^* salcomine. hi HOR, DMAP, DCC 



Chart 3 



Tftbk I. Physical Data for 2a— h (R^aH) 
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Yield 
(%) 


mp CO) 


Formula 




CaOed 


Analysis (%) 


Found 
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N 


C 


H 


N 


2a 
2b 
2c 


Mo 
M« 

Me 


CH=CHCOOH 
(CH,)jCOOH 
(CHj)iCCX)£i 


8$ 
72 
68 


Id6— 148 
11(V-112 
*» 


CjiHaA04 


73.53 
73.06 
74.09 


5^5 
6.45 
7.11 




73.45 
72.64 
74.01 


5.80 
6.48 
7.13 




2d 


Me 


O 

" > — \ 
(CH2)2-C-N^O 


62 




C„H„NO* 




381.1940*' 






38IJP09*' 




2e 


Me 


O 


55 


141—143 




73.07 


7,66 


7.10 


73.00 


7.74 


7.05 


2r 

2h 


Me 
McO 
MeO 


(CH,),CCX)H 
(CHa)jCOOH 
(CH,),COOEt 


76 
69 
75 


«) 

11^121 
•J 




«.27 
67.73 


336.15)8** 
5.85 
6.50 




66.30 
67.85 


356.1528*' 
5.84 
6.64 





e) Obiulnai m an oil. h) Daermiiied by high-rcsotviion mait tp^tom^. 
Table 2. Pi^ysical Data for 21— m (R, =H) 
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225— ZZ8 
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CH=CHCOOEt 
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*i 


2k 
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(CHjjCOOH 


70 


154-156 


2i 


Me 


(CH,),COOH 
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•) 


2m 


MeO 


(CH,)aCOOH 
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Analysis (%) 



Found 



H 



N 



H 



N 



C2lH„04 



73J3 
74J4 
73.06 

66.27 



5,85 
6.55 
6.45 
326.1518** 
5.85 



73.29 
74.58 
72.55 

66J2 



5.78 
6.60 
6.38 
326.1546** 
5.90' 



fl) Obiuned as Mn o», h) Dderrntned by WgS-r«toIu!ton rout jpeti/omeiry. 
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phenol derivative (13) was inansfomied to the bcnzoqui* 
none dcrivaiive (2g) by oxidation with Fremy's salt (or 
catalytic air oxidation)/^ Compound 2g was convened to 
the ester (2h) by condensation with alcohol (Chart 3), 

Regioisomcrs of the above-mentioned compounds were 
also synthesized similarly. Chemical structures of the 
synthesized compounds were determined on the basis of 
spectroscopic data [infrared (IR), proton nuclear magne- 
tic resonance ('H-NMR), and mass (MS) spectra} and 
elemental analyses. The physical data are summarized in 
Tables I and 2. 

Pharmacological Evaluation Ami-platelet aggregation 
activities of the benzoquinone derivatives described above 
were measured in terms of their ability to inhibit platdet 
aggregation induced by collagen, AA and adenosine 
diphosphate (ADP). as described by Born.''* The results 
are displayed in Table 3 as ICso values (the conceniation 
needed to inhibit platelet aggre^tion by 50%). 

The a,y?-unfaturated corboxylic acid (2a) (RjcaH, 
Ra" CH-CHCOOH) was inactive against collagen-, 
AA- and ADP-induced platelet aggregation even at a high 
concentration (iCjo™ >200;ig/ml). Compound 2i (Rjs 
CH»CHCOOH, 'R3=»H). a regioisomcr of 2a, showed 
no anii*plaiclei aggregation activity. Although the a^ff^ 
saturated carboxylic acid (2k) [R2 = (CH2)2COOH, R3K 
H] was also ineffective, 2b [R, = H, Rj«(CH,),C0OHX 
a regio-isomer of 2k, was found to show a signiflcani 
activity against platelet aggregation induced by AA 
(]C5o^3,4/ig/ml). This compound was inactive against 
collagen- or ADP^nduced aggregation (ICso* >200j4g[ 
ml). To investigate the siructurc-aciiviiy reli\tionships 
(SAR) for AA-induced platelet aggregation, modifications 
were made in the quinoayl moiety, the carboxylic acid 
moiety and the alkylenc chain length in the molecule. 
Modification of the benzoquinone ring, such as replace* 
ment of the methyl group of 2b (Rj =:Mc) by a methoxy 
group (2h) (Rj = McO) resulted in loss of activity (IC50"* 
50 /ig/ml). 

Modification of the carboxylic acid moiety, such as 
conversion 10 the ester (2c) (TC5o = 7;«g/mI) or amide (2d) 
(lC5o = 13;ig/ml) resulted !n a reduction of activity. In 
addition, modification of the methylene chain length 
between the benzene ring and carboxylic acid moiety also 
resulted in a reduction of activity, as in the case of 2f 
CR2-H, R,,a(CH,)3COOH] (ICjo'^^l^/'e/ml). In con- 
irast, similar modification of the methylene chain length 
of an inactive compound (1^) improved the activity, as In 
the case of compound (21) i;R, = (CHa)jCOOH. Rj^H] 
(IC5o=28;ig/ml). In summary, 3-{3-C(3,5,6-trimelhyl-l,4- • 
bcnzoquinon-2-yl)mcthyl]phenyl}propionic acid (2b) was 
found to be the most potent inhibitor of AA-induced 
platelet aggregation in this series. The results of chemical 
modification suggest thai the existence of a flexible 
carboxyl group on the benzene ring of the 2-phenyImethyI- 
1.4.benzoquinone nucleus is important for exhibiting the 
anti-platelet aggregation activity. 

An assay for protective activity against endothelial cell 
Injury caused by hydrogen peroxide was also conducted 
since the generation of free radicals is observed in some 
cardiovascular diseases and it is believed that such radical 
species may damage the cardiac tissues and the vessels. 
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13 
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20 


2r 
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>200 
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>200 
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208 


50 


220 






2i 


>200 


>200 


>200 






2i 


>200 


>200 


>200 






Zk 


>aoo 


>200 


>200 


SB 


45 


21 


220 


2S 


>200 


75 


30 


2ifl 


>200 


>200 


>200 







Selected compounds in this series were evaluated in this 
screening assay and their protective activities were 
evaluated as inhibition % of lactate dehydrogenase 
(LDH) release from endothelial cells as described by Abe 
et a/.^* Compound 2b was found to show a protective 
activity in this screening test (78% inhibition at IO^m). 
Thus, new candidates for our project have been found. 
Further SAR studies and pharmacological experiments 
are under way and the results will be published elsewhere. 

Experimenral 

Mdiing poinu were determined un si Yiuuico mctiing point o^poraius 
mnd arc uncorrected. The *H-NMR spectra were recorded on a JEOL 
JNM*OX370 stpcdromcter. asin( ictramcthylsilanc a$ an rniernnl 
ctundar^. and IR spectrii were obtained ivith either b Hiuchi 260-10 or 
a Nicokl 5DX insirumeni. Eleinenta) unalyscs wdre performed on a 
Pcrkin-Elmcr 240fi elemental jinalyzcr. MS weir obluincd with ii Hitachi 
MHO inslrumeni with ft direct inlet fiysicni. 

3-{Acclex>'-L'(2^lmHSaxy-3.4,6-tnnicihyl)pbeayf]fnethvl)benza54e- 
b.vde <5) A solution or 2.5^tmelhoxy-3.4,6-trimetbylt>cn7.sldehyde 
(3.50 l6.8mniol) in tetrahydrofUnin (THF) (150 ml) was udded to h 
solution of Grignard rcAScni [prepared rrom 2-(3-bromophehy1>-! J- 
dioxoktne < 1 2.2 g. 95%, 50.6 romol) «nd magTicsium ( 1 .27 513 mmol)] 
ID THP (200 ml) under ice<oo!l»\^ followed by flirring m room lem- 
perature for 4h. TT»e reaction mixiore was poured into v/Mcf and 
extracted wjih ether. The or^nic toluiton was washed wiih w»icr, dried 
over anhydrous MgSO^ and concentrated under reduced pressure. The 
crude product wa$ pun'tted by silica -gel co'umn chromutogrttphy >vith 
hexanc^thyl acetate (3:1) to afford 2-{V{hydroxy*[(2.S-d{mcihcxy- 
3.4,6-trimcthyl)pheflyI]mcthyI}pheftyl).|,?-dioxolane (4.32 ft* 
nrimol). This compound (150 g. 6.98 mmol) dissolved in a miKturt 
of acdic anhydride rSSSmg. 8.3Rmmot). pyridine (622 mg. tl.38mnno]). 
4-dimethylaniinopyfidinc (DMAP) (fi5mg» O.TOmniol) and methylene 
chloride (100 ml), and the minure xvas stirred ai room icmp«rature for 
16K then washed with 5% uqueoiu hydrochloric acid and water, dried 
and concentrated. The crude product was puriHed by sIKca-sel column 
chromatography with hexaDc-clhyl ucetaie (3: 1) to afTord the ticctatc 
derivative. Then UtlS compound (1.02 2.55 mmol) and ^*tolucncsul- 
fooic acid monohydrate (^TsOH) (40 ma) were dissolved In aeetonc 
(80 ml) and the solution was sUrred at room temperature for 6h. AQcr 
concent ration, the residue was diluted ^ih ether and the solution wus 
washed wtih saluntled NnHCO« and «*alcr. dried and concenu'ated 
to afford 5 (853 mg. 140mmol). 'H-NMR (CDCl,) d: 2.12 (3H. s). 122 
(6H. s). 124 (3H, s), 3.62 (3H. 5), 3.71 (3H. s). 12(^-7.85 (5H. m). 9.9B 
(IH. s). rR(CHa,)r 1731 l697cm-». MSni/r: 356 (M*). 

By a similor procedure, 4-{acftloxy-[(2,S-dimethoxy-3,4.6-irimethylh 
pheiiyl]mcthyl}bcnzaldchyde ^^'rs lynihcsized from 2-(4-bromophcoyl)- 
1.3-djoxoIane tind 15«dimelhosy-3.^.6«inmethylhei\zaldehyde. *H- 
NMR (CDCI>) 113 (3H, s). 122 (3H. i\ 3.24 (,^H. s). 3.62 (3H. s). 
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3.71 (3H, 5), 7.85 (5H, m). 9.98 (IH. *). ]R (CHCl,): 1732, 1697 
cm**, MS m/r 3S6 (M*-). 

Eehyl >(i-<Acctoxy.t(2,5-d|njetlioxy-W*6-tT(»cthy!)^nyl]meihyl)* 
phenyl) aerylate (6) A solutloo of irrethylpho^honoaceiate (743^mg, 

3.32 mmol) in THF (50ml) was ircaied with jodium hydride {133 ms. 
60 Vt- 3J3 mmoI)» followed by stirring at room lemperaturc for 40min. 
Then a soluiion of S (S53mg, X40inxnoi) in THF {30 ml) was added 
under ice*coo)ing iind (he mi'.^ture was stirred ai room icmpcruiurc far 
I6h. The rcaciton mixture wax poursd inio water and extntctcd with 

• oiher. The cximci wftt washed with wa(cr^ <lricd and conceniraiod: The 
crude product wus purified by sitlca*gd column chromatography with 
hcxane-evhyl ncetmc (3; I) to a/Tord d (801 mp. 1.68 mmol). •)^-NMR 
(CDC,) 5: 1.33 (3H. i), 2.12 (3H. ji), 2.22 (9H, s). 3.63 (3H. s). 3.69 
(3H» 5). 4.2<i (2H. q). 6.38 (IH. d), 7.I0--7.50 (4H, m), 7.5B (IH. 9). 7.63 
(tH. d). IR (CHQi): 1726. 1701, 1 638 cm" ». MS mir. 426 (M*). 8y a 
similar procedure, <thyl 3-{4-{acctoxy.C(2,5-dimeihoxy-3A6'irlmcihyl)- 
phcnyl]meihyl}phcnyl)acrylate was Bynihcsizcd. *H-NMR (CDaj S: 

1.33 (3H. «). 2.12 (VH. s). 3.62 (3H. s). 3.69 (3H, s), (2H. q). 6.40 
( I H. dl. 7, 1 8 (2H. d). 7.43 {2H. d>, 7,58 ( t H, s), 7.64 (I H, d). IR (CHQ,): 
1728. 1704, 1637 cm-'. MS nt/i\ 426 (M*). 

C(hyl 3-{3-[(2.5*Dimefhoxy-3A6-trnnsthylpben>'l)inetllyQ^Dyl}acry- 
fste (7) A solution of 6 (684 m^. 1.61 mmol) In methylene chloHde 
(30 ml) wax added to a solution of triethylsllane (224 mg. 1.93 mmol) and 
TMSOTf (60 mg. 0.27 mmol) jn methylene ohloride (50 ml) at room 
temperature over ?0 min. followed by siirring at the same tempera lure 
for 20 min. Th* reaction mixturo was washed wirh wnter, dried and 
concentrated. The crude prodoet wps purified by siliea-gel column 
chromaiography with hcxanc-eihyl aceiaie (4; I) lo aflbrd 7 (543 mg, 
1.48 mmol). 'H-NMR (CDCJO <5: 1.32 (3H. t). 2.09 <3M. 1). 2.22 (6H. 
•1. 3.55 (3H. s). 3.64 (3H. a). 4,07 (2H, s). 4.24 (2H. q), 6.36 (IH. d). 
7.00—7.40 (4H. m), 7,61 (IH, d). IR (CHQ^: 1699, 1636cm". MS 
«//" 368 (M^). 

By a simiUir procedure, cihyl 3*{4*[(2.5-dinjcthoxy-3.4.6-iriracihyl- 
phcnyl)mcthyI]-phony)}ACfyUite wm 9ynthcs«=cd. 'H-NMR (CDQj) d: 
IJ2 (3H. t). 2.09 (3H. s). (6H, 1), 3 J5 (3H. 1). 3.64 (3H. 5), 4.07 
(2H. *), 4,25 (2H, q). 6.36 (IH. d). 7,11 (2H. d). 7.39 (2H. d). 7.63 (IH. 
d). IR (CHCIj): 1704, i638cm"'. MS w/r: 368 (M*). 

2-(3«((33*6-Trti»ethyU 1 ,4^nzoq uin»o-X>7f)mothy I] phenyl) aery Lie 
Add (3o) A solution of 7 (I22t»g, 0J3mnioI) in a mixture of 2k 
aqueous lodium hydroxide (|.6ml) and 1,4-dioxane (0.4ml) was healed 
under reflux for 2 h- The reaction mixture was diluted with water, acfdificd 
and extracted whh ether. The cxtrftct wpj washed with water, dried and 
concenlruied. The product was d»S9olved in a mixture of aeatonilrile 
(4 nU) aj)d water (1.5 ml), then CAN (291 m*, 0.53 mmol) wd$ added at 
room temper.*! lure, followed by stirring at tho tvmt temper a tUrv for 
30 min. The reaction mixture was diluted with water and extrncted with 
eiher. The organic soluiion was washed with water, dried and con- 
centrated. Tho crude product wa« puHded by silica-gel column 
chroma logniphy wiih 5% incthaDol--mcchylcnB chloride to afford 2a 
(87 mg. 0.28 mmol). ' H-NMR (CDa,)rf: 2.03 (6H. s). 2.1 1 (3H,3),3.89 
(2R s), 6.42 (IH. d). 7.I5-7.S0 (4H, ra). 7.73 (IH. d). IR (KBr); 2936. 
1693cm-'. MS m/-:3l0 (M*). 

By u similar procisdurc. 3-{4^[(3,3.6-irimeihyH,4*h«nzoquinon-2- 
yl)melhyl]phenyl) acrylic acid (2i) was syniheiifcd. 'H-NMR (CPOj) 
S: 2.02 (6H» s), 2.10 (3H. «). 3.89 (2H, s). 6.39 (IH, d), 7.2! (2H. d). 7.45 
(2H. d). 7.73 (IH. d). IR (KBr)j 3964, 1692. 1648, I628cm-'. MS Wj: 
310 (M*). 

Ethyl 3^M(2^DlnKCboxr^«4,6-trim«hylpbMiyl)meihyapheiiy})pro- 
ploaaCe (8) A solution of 6 (630 ms, I -48 mmol) in acetic ncid (5 ml) 
was added to a axispcnsion of palladium-black (prepared from 200 mg 
of p^llodium chtorido) in acciicacid (30 ml). followwl by Riirring under 
a hydrogen pas siroDm al room iemp«raiure for 16 h. AAcr filiralion, 
ihc filtrate was concenirflicd under reduced pressure and the residue was 
purified by silica-gel eotunin cbromatogruphy with hexana-ethyl acetate 
(3i I) to aflbrd 8 (47| mg. 1,38 mmol). 'H-NMR (CDCI,)^: 1.22 (3H, 
s). 2.09 (3H. s). 2.21 (3H. s). 2.22 (3H. s). 2.55 (2H, t). 2.88 (2H. I), 3.53 
(3H. s). 3.54 (3H, s). 4.03 (2H, s), 4.10 (2H, q), 6.80-7.30 (4H. m). IR 
(CHQj): 1730cm- V MS mf:: 370 (M*). By a similur procedure, ethyl 
3-{4-[(2,5-dimcthoxy-3,4.6-irimcthylphcnyl)meihyl]phcnyl)prop5onote 
was synthesized. 'H-NMR (CDCI^) <5: 1.22 (3H. i). 2.10 (3H. s), 2.21 
(3H. *). 2.22 (3H» t). 2.55 (2H, t), 2.88 (2R t)» 3.33 (3H, j). 3.64 (3H. 
s). 4.03 (2H, s), 4.10 (2H. q). 6.80—730 (4H. m). IR (CHCI,): 1730 
cm-'. MS m/z: 370 (M*>. 
3-{3-[(3,$.6.Tiirac»liyl.I,4-bcnzuqulnon-2*y1)meihyl]|Acfiyl)proptoiiic 



/0 1-07-1 1^: 1 5/00 1-012 ^7/20 

14.^ 

Acid (2b) A solution of 8 (350 mg. 0.95 mmol) in u mi.xiure of In 
aqueous todium hydroxide (20m)) and dioxane (10m)> was healed ai 
70 "C for 3 b. The reaction mixture wm diluted with U'ater, acidified and 
extracted with ether. The esiract wni washed with water, dried and 
concentrated. The crude product was dissolved in a mixture of aceto- 
niirile (30ml) and water (lOmI). then CAN (I.32g, 2.41 mmol) tt-ns 
added at room icmperalure. followed by stirring at the same temperature 
for I h. The reaction mixture waj diluted with water and extracted with 
ether. The organic solution was wayhed with water, dried and concen- 
trated under reduced pressure. The residue was purihod by siliea-ecl 
colomn chramatogtaphy with 5% mciKAnoHnciMcne chloride "to 
afford 2b (211 rag. 0.68 mmol). >H*NMR ICDQ,) J; 2.02 (6H. S). 2.03 
(3H. 2.64 (2H. l), 2,90 (2H, 1). 3.84 (2H, s). 6.90—7.30 (4H, m). IR 
(ICBr): 3000. 1708, 1642 cm' ». MS m/z: 312 (MM. HR-MS: Found 
31X1347 (Cdted 312.1362). 

By* a similar procedure, 3*{4^(?.5,6-irimelhyH.4-beo20quinon-2- 
yl)mclhyI)phenyI)propionic add (21;) was synihesizcd. > H-NMR 
(CDQJ 6: 2.01 (6H, s). 2.09 {?H, s). Z64 <2H. t), 2.90 (2H, t). 3.K3 (2H. 
i), 7.10 (4H. s). IR (KBr): 3000, I7l0, 1642cm' ». MS m/r, 312 (M*). 

/V.(3-[3<<3^.6-TVImathy|. K4-beii2oqd B0f|.2-yl)me(by Qpben)^ ) prO' 
plonyl Morphennc (2d) UEthyl-3<(2'dimcthylanunD-prapyl)carbodii- 
midc hydrochloride (28 mg. 0,15 mmol) wv added to a solution of 25 
(lOmg, O.IOmmoI) and morphoHno illmg, 0.13 mmol) In nieihylcoe 
Chloride (5m)) tt room tcmperaiurB, JbDowed by sUrring at the same 
temperature for 5h. The reaction mixiura was washed with water, dried 
and eonccntraied. The crude product was puriAed by silica -gel column 
chromatography with hexRnc-<ihyl acetate (1 : 1) 10 afford 2d (31 mg. 
0.08 mmol). 

4-{3-[(2^Dvmeihuxy-3«4,6.(runethytpbenyt)metbyl] phenyl ) butyl Ace- 
lace (9) Compound S (8IOmg, 2.28 mmol) was added to a solution of 
WiiUg reagent, prepared from lripheiiy]-3-hydro.typropy)phosphon)um 
bromide (4.56 g. n.37mmol) and sodium hydride (455 mg. 60Vft, 
11.38 mtnol) in THF (50tnl), followed by stirring under reHux for I6h. 
The reaction mixture was conccntnticd under reduced pressure and the 
resfduo Was purified by 5iUea-gel column chromatography with hezune- 
elhyl acetate (1:1) lo aCTord 4.{3.[acetoxy^2.5-dimcthoxy-3.4,6-(ri- 
methylphenyI)mcihyl]phcnyn-3-butcn-l'0l (560mg. 1.41 mmol). This 
compound (540 mg, 1.36 mmol) was added to a suspension of palladium- 
black (200mg) rn acclic uejd (10 ml) and the ptUttire was stirred ui 
ruum temperature for 16 h. AOcr fiUruOon, the filimie was concenlraied 
uiuVer reduced pressure and the residue w^ puriiyed by silica-gel column 
<Aromtttogniphy with hoxane-othyl aceute ($; I) lo afford 9 {4tOmg. 
1.07 mmol). »H-NMR (CDO,) 6: 1.50— 1.74 (4H. ni). 204 (3H, s), 2.09 
(3H. s), 2.21 (3H, s). 2.22 (3H. b). 2.45-^.65 (2H. m). 3.J3 (iH. s>. 
3.63 (3H. «). 4.04 (2H. s). 3.95—4.15 *2H. m), 6.80—7.20 C4H, m). IR 
(CHCIj); 1730cm* ^ MS mfr, 384 (M*). 

By 0 similar procedure, 4-{4-[(2.S-dJtneihoxy-3,4,6-(rImcthylphcny!)- 
mcihyl]phenyl}butyl acetuic was syrrthcsiwd. 'H-NMH (COOj) 5: 
1.45—1.75 (4H. m). 2.03 (3H. S). X10(3H, s), 22! C6M. «). 2.45^2.65 
f2H. m). 3.54 (3H. si, 3.6^ (3H. $). 4,03 (2H. s). 3.95—4.15 (2H. m). 
6.90-7.10 (4H. m). IR (CHCI,): 1724cm-*. MS m/r; 384 (M*). 

4-(3-[(3,5^Trimetfay)>l,4-beiiZoqulno|i.2ryI)methyl]pbcny))butyTic 
Acid (2Q A sojutioa of 9 (408 mfl. 1. 06 mmol) in n mixture of 3n 
aqueous sodium hydroxide (5 ml) and dioxane (5 ml) was healed under 
r^ux for .3 h. The reacUon mixture was poured into water ond extracted 
wiih ether. The organic solution was wnshed with water, dried and 
conccgttratcd under reduced pressure. The crude product was dissolved 
in aoetono (20 ml) and 10 this solution was added an excess of Jones' 
reagcni under ice-cooJing, rsllowed by surring at the same icmpcrBiurc 
for I h. The reaction mixture was pouned Into water and cxirucied with 
ether. The organic soluUon was concenlraied and the residue was puf Iftcd 
by stlica-gel column chromaiography with 5% mcthanol-mcihylcnc 
chloride to afford 4.{3-[(2^in)eihoxy-3.4.6.trfmeihylphcnyr)methyll- 
phcnyljbuiyrlc acid (272 mg. 0.76 mmcl). A sohitlon of this compound 
(120 mg. 0.34 mmol) in a mixture of acctoniirile (6 ml) and water (2 ml) 
was treated with CAN (462mg. 0J4mmol) ut room temperature, 
followtd by siirring fit th» same temperature for 30 min. The reaction 
mixture was poured Into water ond extracted with ether. Tho orgonic 
solution was washed with water, dried and concentrated under reduced 
pressure. The crude product was purficd by jilica-gel column chro- 
matography with 5% methanol- meihylenc chloride to aflford if (85mg. 
0.26 mmol). 'H^NMR (CDOj) ^! 1.80—2.10 (2H. m), 2.02 (6H. s). 2.09 
(3H, f>. 2.36 (2H. t). 5.63 (2H, t), J.84 (2H. s). 6.9a--7.30 (4H. m). IR 
(CHa,); 3000. 1710, 1643 cm-'. MS iJir: 326 (M^-), HR-MS: Pound 
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326.1538 (Gated 3261518). 

By a similar procedure. 4-{4-[(33.^lrimtihyl-I,4-bcnxoqiiijjon*2» 
yl)mcthyI3phcnyl)butyrie acid (21) waa synihcsixcd. 'H-NMR (CDOj) 
d: 1.80-2.10 (2H. m). 2.01 (6H. «). 2.10 (3H. s). 234 (2H. m). 2.61 (2M. 
I). 3.82 (2H» 5). 6.90—7,20 (4H. m). JR (KBr): 3000, 1708. I643em^». 
MS Ai/r: 326 (M*). HR-MS: Found 326.1546 (Calcd 326.1518). 

3*{Aceto\y-[(2-aeetoxy-3,4-4Inietboxy-6-m«thyl)phcayf]in«(hyl)bcoz- 
■Ideb^de (11) A solution of 2'h3rdroxy*3.4-dimcthoxy-6-mcthylben2aS* 
dchyde (2.00 g. ]0.20mmol) was added to a $olutioA of Orlgnard reagent 
[prep&red tt^m 2-(3*bromopKenyI).K3-diokoUtte (9.35 g, 40.83 irnnol) 
ar.d TTUk;nenum(K04 g. 42.80 niniol}] inTHF(3O0Tnl) under too^coolmg, 
followed by stirring at room temperature for 12h. The rcseiion mixture 
was poured Into water and cxlractcd with ether. The organic &o!uiion 
u;» u/&5hed with water, dried and concentrated. The crude prodtict was 
ptinAed by silica-gel column chromatography with hexane-^tby) acetate 
(3:2) 10 afford 2-(3-[hydroxy-(3.4-dimcthoxy-2-hydroxy^mclhyl). 
phonyl]methytphenyt)«K3-d<oxolatie (3.30 g. 9.54 mmol). This com- 
pound (2.00 5.78 mmol) was dissolved in a mixture of acetic anhydride 
(2.10g. 20.59 mmol). pyridine (1.83 g. 23.l6mmol), DMAP (lOmg) 
arvd methylene chloride ( 1 50 ml) And the mixture was stirred at room 
temperature for 6 h. The reaction mixture was washed with 5Vo aqueous 
hydrochloric acid and water, dried and concentrated. The ohtalnAd 
compound itod /r-TsOH (20 mg) wttt dissolved h> acetone (50 ml) and 
the solution was stirred at room temperature for 24 h, then concentrated 
under reduced prrssure. and the residue was partitioned between ether 
and saturated aqueous sodium bicarbonate. The organic layer wu 
washed with water, dried aod concentrated to afford H (1.86 g, 4.82 
mmol). •H*NMR (000^) 2.17 (3H. s). 2.18 (3H, s). 2.38 PH, s), 
3.79 (3H.S). 3.88 (3H. s). 6.66(m,s). 7.22 (I H. »). 7.35-7.55 (2H,m), 
7.70-7.85 (2H. m). lO.OO (iH.a). XR(KBr): 1737. 1698, 16l2cm-».MS 
m/r: 386 (M*>. 

By a similar procedure, 4-(accloxy-[(2-aocloxy.5.4^imcthoxy-6- 
nethyl)phenyl]methyl}bcnaaldehyde was synihoflxcd. 'H-NMR 
(CDO^) a: 2,16 (3H, s). 2.18 (3H, s), 2J6 .(3H» $h 3.79 (3H. s). 3.88 
(3H, s), 6.66 (IH. 5), 7.22 (IH» a), 7J5 (2H, d). 7.83 (2R d). 9.99 (IH, 
s). IR (CHa»): 1736, 1701, J608cm-'. MS 386 (W). 

Ethyl 3^3-(tAce(oxy-(Z-ace(oxy-3Adimedioxy-6-mcchyl)ptRiiyf]mcth- 
yl)pheDyl)acn1«t« (12) A solution of triethylphospKoneacetaie (755 
mg, 3.37 mmol) in THF (80 ml) wat treated with sodium hydride (155 
mf;. 60 V«. 3.86 mmol) at room temperature, followed by stirring at 
the sanne lempcrature for 40 mm. Then a solution of U (l OOg, 2.50 
mmol) in THF (30 ml) wxs added under ice^oling. followed by stirring 
fit room temperature for 3 h. Tha reaction mixttire was poured into water 
and extraetei^ with ether. The organic solution wai washed with water, 
dried and eonc«Atfa1ed. The erud« product \vas purified by silica-gel 
column chromntogmphy with hcxanc^ihyl acetate (3:1) to aObrd |Z 
(964m^ mmol). »H-NMR (CDCIj) S: 1.34 (3H. l). 2,15 (3H. 0, 
118 C3H. 5)» 2.35 (3H, s)» 3,8Q C3H, s), 3.8« (3H, s). 4.26 [2H, q), 6.39 
(IH. d. Jmti6Hz). 6.66 (IH. s), 7.10—7.50 (5H, m), 7.64 (1H» d). IR 
(KBr): 1748. 1715, 1639, l6l2cm->. MS 456 (M*). 

By a ainuiar procedure, ethyl 3-{d-{[aoetox>^{2Hioeioxy-3,4^imethoxy« 
6-meiliyf)-phcnyl] methyl) phenyl)acry late was synthesized. 

'H-NMR (CDCIj) i: 1.34 pH, t), 2.14 (3H. s). 2.19 (3H. s). 2.35 (3H, 
s). 3.79 (3H» s), 3.87 (3H, a), 4.26 (2H. q). 6.41 (IH, d, /= 15.8 Hz), 6.65 
(IH. 5), 7J8 (IH, s). 7.19 (2H, d), 7.46 (2H. dl. y-8.58H^, 7.66 (IH. 
d,y=l5.8H«), IR (CHCI,): 1770. 1712, 1634. 1608 cm". MS m/j; 456 

3- (3-C(3y4-Dimetfaoxy-2->h)'droxy-6-methyiphcnyl)methyl] pheAyt)pro- 
plonle Add (13) Compound 12 (140m8. 0.31 mmol) was added to a 
solution of palJadiuRwblack [prepared fVom lOOnrvg of pallit£un> 
chloridej in acetic acid (3 ml), roDowcd by stirring under a hydrogon gas 
Stream at room temperature Tor 16h. Ailer fihrstion. the filir&te was 
concentrated under reduced prouure to afford ethyl 3-{3-[(2*accloxy- 
3,4-dimBthoxy-6-m«thyiphcnyl)methyl]phcnyI)propionate (120 mg, OJO 



/O I -07- 11:^: 15/00 1-0 13 ^'^^ p. 18^0 



Vol. 44, No. I 

mmol). This was dissoKad tn a mixtura of iVc aqueous potassium 
bydtroxide (3 ml) and n^haaol Pml) and ihe solution was stirr«i at 
rootn tempexaturc for 3h. The reaction mixture was diltlted with water 
and washed with eiher. 7heaqt>eous layer Mras addlAed with concentrated 
hydrochloric aeM and extracted with ether. The organle solution was 
washed with water, dried and oonoentratcd to afford S3 (83 mg, 0.2S 
mmol). 

By a similar procedure, 3-{4-[(3,*-dtmeihoxy-2-hydroxy-6-melhyl- 
ph«nyl)meihyI]pheayl}propionic add was synthesized. 

3-(M(^i^I>i9ttlMxy-3HariethYl-l,4.^xoqumo»-2-yl)mctliy|]phenyl}- 
propionic Add (2^ A mixtuns of 13 (S4 mg. 0.16 mmol) and salcominc 
(30 mg) Ifi <ilmcihylformamida(DMF) (3 ml) was fUrred under an oxygen 
atmosphere at room tcmperatMrc for l2faL. The reaction mixture was 
diluted with water and extracted with ether. The organic layer was washed 
with water, d^cd over atthydrous MgSO^ and eonoentrated. The crude 
produo was purified by silica-gc) column chromatography with 5% 
MeOH-CHiOi to afford 2^ (39 mg. 0. 1 1 nunol). 

By a Mmilar procedure. 3-{4-[(5,6-diraeihoxy-3-methyl-l,4-benxooui- 
non-2-yI)meihyQphcnyl) propionic add (2m) was synthesized. H- 
NMR (CDCI,) S: X09 (3H. S). 2.62 (2H, %% 2.89 (2H, L). 3.80 (2H. s), 
3.99 (6H, s), 6.95-.7.30 (4M, m). IR (CHa,): 3000, 1708, I646cm-V 
MSm/r 344(M*). 

Pharmacological ErahiaiiOD Platelet Aggregation Inhibitory Aaiv- 
ityi Blood from mala Japanese White rabbUi was coUected into plasUc 
vessels containing 3.8% sodium dirate (1 volume witb 9 vohimes of 
blood). Ptaielet-rieh plasma (PRP) and pUtelet^poor plasma (P?P) were 
prepared by eentriAjgaiion at )90i<g for 7nun and then at I500x^ 
for lOminp respectively. Flatckt' aggregation in PRP was measured 
by Born's standard turbidimetric procedure^ using an eight-channel 
platelet ag^egometer (PAI4-8C Mckanix, Tol^yo. Japan). Activity of 
tnhibiion (test compounds) was expressed u IC,e Ofg/ml) values, <.c., 
doses required to inhibit the platelet aggrc^iion response tndueed by 
eoDagen, ara^idonio acid or ADP by 

Protection Bgainsi the Celt Injury Caused by Hydrogen Peroxide; A 
monolayer of endothelial cells (CPaE) io the stationary phase was 
washed with BBS (Eark's balanced salt) and incubated witJh EBS 
conuining test compound plus hydrogen peroxide (100 fM) for 6 h. Aftar 
th« incubation, LDH released into medium uas determined by a standard 
method."* Then the ocH* were stained with a02^ erylhros»ne-B and the 
numbers of dead cells were counted fVom micrographs. 
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The compound repiresented by the general formula (I) of 
the present invention can be produced, for example, by the 
following methods: 
Process I 

A compound represented by the general formula (IV) 

oa OH 

oT * (IV) 



(wherein R^, and each independently represents a hydrogen 
atom, a methyl group or a methoxy group, and r' represents a 
group -CH^„_1,H, 

or -CH(OC2H5)2 ) 

can be obtained by acting a halide Grignard reagent 
represented by a general formula (III) 



6" 



(III) 

(wherein X represents a bromine atom or a chlorine atom and 
is as defined above) 

to an aldehyde represented by a general formula (II) 

OB 

(II) 

(wherein R^, R^, and are as defined above) . The conipound (IV) 
is converted into an aldehyde represented by a general formula 
(V) 



OH OH 

(V) 

32 -s^-l T53 



(wherein R\ R"^, and R** are as defined above) by treating with 
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an acid, for example, hydrochloric acid. A compound 
represented by a general formula (VI) 



OH OU 




(VI) 

(wherein R^, R^, and R** are as defined above) can be obtained 
by acting Witting reagent of triethylphosphonoace-ate to the 
aldehyde . 

The compound (VI) is converted into an acetylated 
compound by reacting thereto, acetic anhydride in the presence 
of a base, for example, pyridine, and, subsequently, the 
acetylated compound is catalytically reduced in the presence 
of palladium black in glacial acetic acid to obtain a compound 
represented by a general formula (VII) 



OAc 



(VII) 

(wherein , , and are as defined above). 

The compound (VII) is subj acted to hydrolysis , reduction 
or esterif ication through a conventional method to obtain a 
compound represented by a general formula (VIII) 



OH 



(VIII) 

(wherein R^ , R^, and R^ are as defined above and R^ represents 
a hydroxymethyl group, a carboxyl group, or a lower 
alkoxycarbonyl group) . 

Subsequently, the compound (VIII) is oxidized with 
oxygen in the presence of potassium nitrosodisulf onate or 
salcomine, to obtain the compound of the present invention of 
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the general formula (la) 



0 



0 



(la) 



(wherein r\ R^, and are as defined above). 

The compound of the present invention may be also 
produced by the following method: 
Process II 

A compound of a general formula (IX) can be obtained from 
2 , 5-dimethoxybenzaldehyde through the following route as 
described above. 



The compound (IX) is converted into a chloride using 
thionylchloride , etc. and, then, is subjected to 
dechlorination, for example reduction with zinc-glacial acetic 
acid to obtain a compound of a formula (X) . 



The compound represented by a formula (lb) of the present 
invention can be obtained by oxidation of the compound (X) with 
ammonium nitrate cesium (hereinafter abbreviated to CAN) . 






(X) 
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CH-CUOCOCgHj 

(lb) 

The compound (lb) may be converted into various compounds 
of the present invention through hydrolysis, reduction, 
amidation, etc. , as appropriate, under conventionally employed 
condition . 

[EFFECT OF THE INVENTION] 



